Animals constantly make behavioral choices to facilitate moving efficiently through their environment. When faced with a threat, animals make decisions in the midst of other ongoing behaviors through a context-dependent integration of sensory stimuli. In vertebrates, the mechanisms underlying behavioral selection are poorly understood. Here, we show that ongoing swimming in zebrafish is suppressed by escape. The selection of escape over swimming is mediated by switching between two distinct motoneuron pools. A hardwired circuit mediates this switch by acting as a clutch-like mechanism to disengage the swimming motoneuron pool and engage the escape motoneuron pool. Threshold for escape initiation is lowered and swimming suppression is prolonged by endocannabinoid neuromodulation. Thus, our results reveal a novel cellular mechanism involving a hardwired circuit supplemented with endocannabinoids acting as a clutch-like mechanism to engage/disengage distinct motor pools to ensure behavioral selection and a smooth execution of motor action sequences in a vertebrate system.
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In Brief
Song et al. reveal a novel mechanism for behavioral selection in zebrafish. They show that selection of escape over swimming involves switching motoneuron pools. A hardwired circuit supplemented with endocannabinoid modulation mediates this switch by acting as a clutch to disengage the swimming motoneurons and engage the escape motoneurons.
INTRODUCTION
Animals possess a rich behavioral repertoire and are endowed with decision-making mechanisms to select the most-relevant behavior for a given context [1] [2] [3] [4] [5] [6] [7] [8] . Selection of the final behavioral output is influenced by internal drive and external cues, toward the goal of generating the optimal motor program. A behavioral choice hierarchy favors vital motor actions and overrides competing ones through a context-dependent integration of sensory inputs. This enables animals to move efficiently in their environment to seek food or mate and avoid potential threats. The cellular and synaptic mechanisms underlying decision making have been studied primarily in invertebrates, where thus far behavioral choice is mediated either by a direct inhibitory interaction between two competing neural circuits [9] [10] [11] [12] or by gating of sensory information via presynaptic inhibition [13, 14] . In addition, in nematodes, some of the molecular and genetic underpinnings of behavior selection have been elucidated [15, 16] . These studies have also revealed important contributions from neuromodulatory systems in promoting the execution of one behavior over another.
In vertebrates, from fish to mammals, perception of danger triggers fast startle behavior and suppresses competing motor programs such as feeding or slow locomotion [17] [18] [19] . However, the neural substrates and the role of neuromodulation in defining behavioral selection in these animals are not well understood. In teleosts such as zebrafish, auditory, visual, and tactile sensory inputs converge on the Mauthner cells and their homologs to promote behavioral selection between fast escape (startle) and ongoing slow swimming [20] [21] [22] [23] . Synaptic transmission from auditory afferents onto the Mauthner cell is modulated by endocannabinoids [24] . However, it is still unclear whether endocannabinoids influence the behavioral selection between escape and swimming. The reliable interaction between two behavioral choices in the adult zebrafish, combined with its experimental accessibility, enables analysis of the underlying circuit and modulatory mechanisms, which have remained largely unexplored in vertebrates.
In this study, we examine the neural underpinnings of the context-dependent behavioral selection between escape and swimming by recapitulating these two motor behaviors and the interaction between them in an in vitro preparation of adult zebrafish. The selection of escape over swimming is mediated by switching between fast and slow motoneuron pools. We show that the fast motoneuron pool underlying escape is engaged via direct excitation from the Mauthner system, whereas the slow motoneuron pool underlying swimming is disengaged via indirect inhibition that operates in a clutch-like manner to decouple these motoneurons from the premotor swim circuit. The onset of the escape and the associated inhibition of swimming activity are determined by a hardwired fast circuit. However, the threshold for initiation of escape and the duration of inhibition of swimming rely on endocannabinoid neuromodulation. Thus, our results reveal a novel clutch-like mechanism involving a hardwired circuit supplemented with endocannabinoid modulation that shifts activation from slow to fast motoneuron pools and hence produces behavioral choice in vertebrates.
RESULTS

A Switch between Distinct Motoneuron Pools Underlies Behavioral Selection
Zebrafish produce two types of locomotor behaviors, swimming and fast escape, both of which can be recapitulated in vitro [25] [26] [27] [28] (Figures 1A and 1B) . These two motor patterns were elicited independently by stimulating different descending brainstem pathways. The escape-like motor pattern (i.e., fictive escape) was induced by stimulating the Mauthner cell area (Figures 1A-1C ) and consisted of a large motor burst on the side contralateral to the stimulation followed by an ipsilateral counter burst similar to the escape behavior in intact animals [23, 29] ( Figure 1D ; Movie S1). The swimming motor pattern (i.e., fictive swimming) was induced by stimulating separate descending brainstem axons [25] , which elicited a long swimming bout composed of alternating bursts in motor nerves recorded on opposite sides of the body ( Figure 1E ; Movie S2; n = 45). When the escape-like motor pattern was induced during ongoing fictive swimming, it always interrupted the swimming motor bursts (Figures 1E and 1F ; Movie S3; n = 45). Escape was accompanied by a momentary pause in the swimming activity, which readily resumed to the original frequency after escape ( Figures 1E and 1F ). The mean pause duration (1.9 ± 0.5 s; n = 45) was not related to the swimming frequency ( Figure 1G ). These results show that the behavioral primacy of escape over swimming can be recapitulated in vitro in the adult zebrafish by stimulating the Mauthner cell area, which promotes a fast and powerful escape and momentarily suppresses the ongoing swimming activity.
In zebrafish, escape movements are mediated by activation of fast motoneurons, which innervate fast-contracting muscles, whereas swimming (<12 Hz) results from activation of slow motoneurons innervating slow/intermediate muscles at juvenile/adult stage [26, 30] . For determination of whether the switch between swimming and escape is mediated by a differential control of motoneuron excitability, whole-cell recordings were performed from both fast ( Figure 2A ) and slow ( Figure 2D ) motoneurons. During swimming, both slow and fast motoneuron pools received phasic synaptic inputs, but only the slow pool regularly fired action potentials ( Figures 2B and  2E ). In contrast, escape commands differentially influenced fast versus slow motoneuron pools (Figures 2A, 2B, 2D , and 2E). The fast motoneurons were strongly excited and continued to receive phasic swimming inputs albeit transiently reduced in amplitude ( Figure 2B ). (F) Graph showing the instantaneous swimming frequency versus normalized time of the expanded portion of the swimming bout in control and during escape, which was accompanied by a transient suppression of motor nerve bursts during a few swimming cycles. The red trace is plot of the swimming frequency in the expansion of (E), whereas the black trace is the plot of the swimming frequency of the corresponding part in a control swimming episode without escape behavior. (G) The duration of the escape-induced transient suppression of swimming activity was not correlated with the initial swimming frequency (average of ten bursts before escape). Each data point corresponds to an individual experiment (n = 45). See also Movies S1, S2, and S3.
The excitation underlying escape was mediated via direct monosynaptic connections with mixed electrical and chemical components that persisted in a high divalent cation solution (Figures 2A and 2C ). The chemical component was completely abolished by Cd 2+ ( Figure S1A ). In contrast, slow motoneuron activity was suppressed during escape, as were its swim-related phasic synaptic inputs ( Figures 2D and 2E) . The swimming activity resumed with its original frequency when escape terminated ( Figure 2E ). The inhibition of slow motoneurons resulting from stimulation of the Mauthner cell area was mediated via a polysynaptic inhibitory pathway that was weakened by a high divalent cation solution, even when it was applied locally to the spinal cord ( Figures 2D  and 2F ). This inhibition was blocked by strychnine ( Figure S1B ) but was insensitive to gabazine ( Figure S1C ). These results show that the escape-like motor pattern is mediated by engaging fast motoneurons and simultaneously disengaging slow motoneurons.
Absence of Resetting of the Phase of Swimming by an Intervening Escape
The fact that the swimming frequency resumed readily with the original frequency after escape suggested that the suppression of swimming was not mediated by inhibition of the premotor swimming network. This was further supported by the absence of resetting of the phase of swimming activity by an intervening escape ( Figure S2 ). After escape, the swimming bursts always resumed without any resetting of the phase ( Figures S2A and  S2B ). There was no significant phase shift ( Figures S2C and  S2D) as shown by the coincidence of the onset of the actual (open circles) and the predicted (arrows) swimming bursts (Figures S2A and S2B) .
The absence of resetting of the swimming phase implies that the pause of the swimming activity occurs downstream of the premotor swim network. The analysis of synaptic currents in slow motoneurons provides further support for this possibility. In current-clamp, the rhythmic depolarization in slow motoneurons (n = 10) was suppressed by an intervening escape ( Figure 3A) . However, the occurrence of the excitatory currents underlying the rhythmic depolarization of these motoneurons was not affected by escape, although the amplitude was slightly reduced ( Figure 3B , asterisk). This indicates that the premotor swim network was not inhibited during escape but continued to drive slow motoneurons. In contrast, during escape, large and long-lasting inhibitory currents were induced in slow motoneurons ( Figure 3C ) and their duration was strongly correlated with that of the escape-induced pause of swimming activity (n = 10; R 2 = 0.87; Figure 3D ). These results strongly suggest that the suppression of swimming is mediated by a direct inhibition of slow motoneurons without affecting the upstream premotor swim network. They also show that the previously established behavioral selection between escape and swimming is initiated by descending commands and executed by a spinal circuit that disengages slow motoneurons while engaging fast motoneurons.
Embedded Endocannabinoids Determine the Extent of Swimming Suppression
The hardwired circuit with its direct excitation of fast motoneurons and indirect inhibition of slow motoneurons determines the timing of the behavioral switch between swimming and escape. However, it is unclear whether this hardwired circuit alone can account for the behavioral switch or whether it is supplemented by an embedded neuromodulation. Endocannabinoid signaling is a prominent neuromodulatory system in the spinal cord. We therefore tested whether endocannabinoid modulation controls the threshold of escape initiation and the extent of the associated swim suppression and hence contributes to the behavioral switch.
We first assessed the contribution of endocannabinoid modulation on the inhibition of slow motoneurons by interfering with endocannabinoid signaling. Blocking cannabinoid receptor 1 (CB 1 Rs) activation with AM-251 (2 mM) reduced the duration of the inhibition of slow motoneurons and the associated pause of swimming activity (control: 3.4 ± 0.9 s; AM-251: 1.8 ± 0.6 s; n = 6; p < 0.005; Figures 4A, 4B , S3A, and S3B). We subsequently identified 2-AG as the endocannabinoid continually mobilized within the spinal circuit that activated CB 1 Rs. Specifically, inhibiting 2-AG synthesis with the DAG lipase inhibitor THL (20 mM) decreased the duration of swimming inhibition in slow motoneurons (control: 2.7 ± 0.3 s; THL: 1.3 ± 0.2 s; n = 6; p < 0.0001; Figures 4C, 4D , S3C, and S3D). Additionally, inhibiting the 2-AG degradation enzyme MGL with JZL184 (2 mM) prolonged the inhibition of slow motoneurons and associated suppression of swimming (control: 1.5 ± 0.3 s; JZL184: 3.6 ± 0.5 s; n = 6; p < 0.001; Figures 4E, 4F , S3E, and S3F). The change in the duration of the swimming pause was similar whether AM-251, THL, or JZL184 were applied to the whole brainstem-spinal cord preparation or only to the caudal spinal cord ( Figure S4A ). In addition, the decrease in the duration of the pause of swimming by AM-251 was similar to that of THL (p > 0.05; n = 7; Figure S4A ). See also Figure S2 .
These results show that 2-AG is the endocannabinoid acting in the spinal cord to modulate the interaction between escape and swimming. The increased duration of swimming inhibition in the slow motoneurons by the endocannabinoid 2-AG was mediated by potentiation of the polysynaptic inhibitory inputs ( Figure 5A ). Polysynaptic IPSP amplitude was depressed by 20.1% ± 2.6% with the CB 1 R antagonist AM-251 (n = 9; p < 0.0001; Figure 5B ) and by 21.8% ± 2.7% (n = 6; p < 0.001; Figure 5C ) with the 2-AG synthesis inhibitor THL, whereas they were increased by 20.1% ± 2.9% (n = 7; p < 0.001; Figure 5D ) by the 2-AG degradation inhibitor JZL184. The effects of AM-251 and THL were not significantly (p > 0.05) different.
It is noteworthy that the baseline swimming frequency is set by the embedded endocannabinoid modulation. In addition to changing the duration of the escape-induced inhibition of the swimming, interfering with endocannabinoid signaling altered the baseline swimming frequency ( Figures 4B, 4D , 4F, S3B, S3D, and S3F). Furthermore, endocannabinoid signaling altered the recovery time constant of the frequency to its pre-escape level. Blocking CB 1 Rs with AM-251 or the 2-AG synthesis with THL slowed down the recovery of the swimming frequency, whereas blocking the 2-AG degradation with JZL184 sped up the recovery of the swimming frequency ( Figure S3B ).
Endocannabinoids Define the Threshold for Initiation of Escape
We next examined whether the endocannabinoid 2-AG also modulates the monosynaptic excitation in fast motoneurons ( Figure 5E ). To this end, we interfered with endocannabinoid signaling and monitored the change in the monosynaptic EPSPs induced by stimulation of the Mauthner cell area (see the Experimental Procedures). Blocking CB 1 Rs with AM-251 (2 mM) decreased the amplitude of both the electrical EPSP (24.5% ± 2.8%; n = 8; p < 0.001) and chemical EPSP (17.6% ± 2.3%; n = 8; p < 0.001) in fast motoneurons ( Figure 5F ). These changes in the EPSP amplitude did not result from an effect on the motoneuron input resistance because the CB 1 R antagonist AM-251 had similar effects under voltage-clamp conditions, where it depressed both the electrical and chemical excitatory synaptic currents ( Figure S5 ). Similar to AM-251 (p > 0.05), inhibiting 2-AG synthesis with THL (20 mM) depressed both the chemical (22.3% ± 3.1%; n = 6; p < 0.001) and electrical (16.0% ± 2.6%; n = 6; p < 0.001) components of the monosynaptic EPSPs in fast motoneurons ( Figure 5G ). Consistent with the previous results, inhibiting 2-AG degradation with JZL184 (2 mM) increased both the chemical (21.8% ± 3.2%; n = 7; p < 0.001) and electrical (16.2% ± 2.7%; n = 7; p < 0.001) components of the monosynaptic EPSPs in fast motoneurons ( Figure 5H ). Next, we examined whether the embedded endocannabinoid modulation sets the firing threshold of fast motoneurons and consequently defines the onset of escape. Stimulation of the Mauthner cell area, with the same protocol (three stimulus pulses at 50 Hz; see the Experimental Procedures) used to induce the escape-like motor pattern (see Figure 1) , elicited large EPSPs in fast motoneurons that reached the threshold for firing action potentials ( Figure S6 ). Interfering with endocannabinoid signaling selectively in the spinal cord using a split-bath recording chamber affected the firing threshold of fast motoneurons. Blocking CB 1 Rs decreased the firing probability of these motoneurons (Figures S6A and S6B ; n = 6; p < 0.02), whereas inhibition of the 2-AG degradation increased it ( Figure S6B ; n = 6; p < 0.005). The effects on the firing probability of fast motoneurons were not associated with a change in the input resistance of fast motoneurons.
These results are consistent with the hypothesis that endocannabinoid modulation supplements the fast hardwired circuit to ensure the behavioral selection between escape and swimming. The combined potentiation of direct excitation to fast motoneurons and indirect inhibition to slow motoneurons promotes behavioral selection by lowering the threshold for the escape response and prolonging the inhibition of swimming.
Endocannabinoid-Mediated Positive Feedback in the Spinal Circuits
The source of 2-AG could be inherent to the startle circuit to ensure the shift in the balance between excitation and inhibition within the circuit. Endocannabinoids are commonly synthesized in postsynaptic neurons and act as retrograde messengers in the CNS [31] [32] [33] [34] . Therefore, we tested whether the motoneurons themselves were the source of 2-AG in the escape circuit. For this, we interfered with the 2-AG synthesis in fast (Figure S7A ) and slow motoneurons ( Figure S7D ). Inhibiting 2-AG synthesis in fast motoneurons by dialyzing THL through the recording electrode induced a gradual, decreased amplitude of both the escape-related monosynaptic chemical EPSP (25.5% ± 2.0%; n = 6; p < 0.001) and electrical EPSP (25.7% ± 2.3%; n = 6; p < 0.001; Figures S7A and S7B ). In contrast, such a manipulation in slow motoneurons did not alter the amplitude of the polysynaptic IPSPs (n = 6; p ˃ 0.05; Figures  S7D and S7E) .
We next tested whether fast motoneurons are a sufficient source of the endocannabinoid 2-AG to ensure the intrinsic potentiation of the monosynaptic EPSPs. The release of endocannabinoids in the CNS requires increased intracellular Ca 2+ [32, [34] [35] [36] [37] [38] [39] . We therefore infused the recorded motoneuron with the Ca 2+ chelator BAPTA, through the recording electrode, to block mobilization of endocannabinoids from fast motoneurons and determined how doing so affected CB 1 R antagonist actions on the amplitude of monosynaptic EPSPs. BAPTA occluded the depression of the monosynaptic electrical and chemical EPSPs by the CB 1 R antagonist in fast motoneurons (n = 8; p ˃ 0.05; Figures S7A and S7C ). In contrast, loading slow motoneurons with BAPTA failed to counteract the depression of the IPSPs by AM-251 and their amplitude decreased to a similar level as in control (21.3% ± 2.8%; n = 6; p < 0.001; Figures S7D and S7F ). These results show that fast motoneurons are the source of the endocannabinoid 2-AG, which acts as a positive feedback mechanism to potentiate their excitatory inputs and hence lower the threshold for initiation of escape.
Endocannabinoids Promote the Startle Behavior in Zebrafish In Vivo
Does the shift in the balance between excitation and inhibition within the spinal circuits in vitro and their modulation by endocannabinoids contribute to defining the threshold for behavioral selection and execution in freely behaving zebrafish? To answer this question, we examined how interfering with endocannabinoid signaling in vivo affects the threshold of the startle response in intact zebrafish. The startle response was induced by sound of varying intensities in both control and in zebrafish with altered endocannabinoid signaling ( Figure 6 ). In zebrafish treated with the CB 1 R antagonist AM-251, the threshold of the soundinduced startle response was increased (127.4% ± 8.3%; n = 12; p < 0.001) and decreased the response probability compared to control animals injected with saline (Figures 6A-6C ; Movie S4). Consistent with this finding, zebrafish treated with the 2-AG degradation enzyme inhibitor JZL184 exhibited a lower threshold of the sound-induced startle and an increased response probability than in control animals injected with saline (73.5% ± 7.3%; n = 14; p < 0.001; Figures 6D-6F; Movie S5).
DISCUSSION
Setting the Threshold for Behavior Selection
Our results show that circuits in the adult zebrafish spinal cord can enable a behavioral choice between escape and swimming. Selection between these two motor behaviors is mediated by a hardwired fast circuit supplemented with an embedded endocannabinoid neuromodulation. The fast escape behavior is executed by recruitment of fast motoneurons. Appropriate execution of the escape is ensured by interrupting swimming motor output via inhibition of slow motoneurons. Thus, the hardwired fast circuit defines the timing of the behavioral switch from swimming to escape by engaging fast motoneurons and concomitantly disengaging slow motoneurons. The endocannabinoid modulation of the fast circuit is responsible for setting the threshold for initiation of escape and the extent of the pause in swimming as well as the baseline swimming frequency. The hardwired circuit ensures that the escape command is conveyed by direct excitation of fast motoneurons via both chemical and electrical synaptic transmission and at the same time indirectly inhibits slow swimming motoneurons via inhibitory interneurons. This differential synaptic input initiates escape and interrupts the activity of the motoneurons underlying swimming. The endocannabinoid modulation provides an additional shift in the balance between excitation and inhibition to ensure execution of the proper escape behavior and block out any interference of the slow swimming. The integration of two synaptic processes with different temporal dynamics-fast synaptic transmission and endocannabinoid modulation-ensures a precise timing and an adjustable extent of the behavioral state.
Behavioral Selection by Switching between Distinct Motoneuron Pools
Escape behavior is driven by commands from a group of reticulospinal neurons composed of the Mauthner cell and two serial homologs, MiD2cm and MiD3cm [21, 40, 41] . The axons of these neurons cross the midline at the level of the hindbrain to descend in the contralateral spinal cord where they activate the escape circuit. The available evidence suggests that the motoneurons and interneurons underlying escape are largely not shared with the swim circuit [26, 42, 43] . The escape command produces a fast and nearly synchronous muscle contraction on the side contralateral to the stimulus. This is mediated by activation of fast motoneurons and a subtype of excitatory interneurons (escape-related V2a interneurons). This coincides with a powerful inhibition of fast motoneurons on the opposite side via a subtype of commissural interneurons (the commissural local [CoLo] interneurons) that are exclusively active only during escape [42, 43] . In addition, the escape command activates spinal interneurons responsible for the strong inhibition of slow motoneurons underlying swimming suppression. Thus, descending commands engage a fast hardwired circuit to produce the powerful and reliable escape behavior while momentarily interrupting swimming. The interneurons underlying inhibition of swimming motoneurons could include subtypes of ipsilateral V1 or V2b interneurons or possibly subtypes of commissural V0 interneurons that can affect motoneurons on both sides of the spinal cord. Although escape and swimming are two competing motor programs mediated by recruitment of different motoneurons, the transition from escape to swimming needs to occur in a smooth manner to continue the motion of the animal. Escape transiently interrupts the swimming motor output, which always resumes with the original frequency without disruption of the phase (Figure 7) . Thus, swimming activity is paused without changing the burst frequency. The abrupt and transient interruption of swimming and its immediate recovery to the original frequency appears to be ensured by directly disengaging slow motoneurons without affecting the activity of the segmentally iterated premotor swim circuit, which continues to generate the swimming rhythm ( Figure 7) . In this manner, the basic rhythm is still generated by premotor swimming interneurons but is no longer conveyed to the muscles, and hence, no swimming movements are produced. In this configuration, the behavioral selection between escape and swimming is produced by a transient switch between motoneuron types via a strong excitation of fast motoneurons and a concomitant inhibition of slow motoneurons. Thus, our results reveal a novel behavioral choice mechanism operating at the level of the motoneurons, in which escape is promoted by engaging fast motoneurons whereas swimming is paused by disengaging slow motoneurons, hence disconnecting the premotor swim circuit from their effector muscles.
Endocannabinoid Modulation Promotes Behavior Selection
Another important finding in this study is the link between endocannabinoid-mediated synaptic plasticity within the spinal circuit in vitro and its impact on a defined motor behavior in vivo. The hardwired circuit is supplemented by an embedded endocannabinoid modulation that contributes to the behavioral selection of escape over swimming. We show how the potentiation of excitatory synaptic transmission evoked by endocannabinoids is directly reflected in the threshold of escape initiation in freely behaving zebrafish. In contrast to the commonly established role of endocannabinoids in producing depression of synaptic transmission [32, 36] , our results show that the endocannabinoid 2-AG promotes potentiation of synaptic transmission. Such a potentiation has only been reported in the lamprey spinal cord [35, 37, 44, 45] and in the goldfish brainstem [24, 38] . In addition (C) The response probability to a given stimulus strength (threshold for control animals) was significantly decreased by AM-251 (n = 12; p < 0.001).
(D) Time-lapse of frames from video recordings of sound-induced escape behavior in control and zebrafish treated with JZL184. Zebrafish treated with JZL184 had a lower sound threshold for initiating escape behavior compared to control. (E) Overall, the threshold of sound-induced escape was lower in zebrafish treated with JZL184 compared to control (n = 14; p < 0.001).
(F) The response probability to a given stimulus strength (threshold for control treated animals) was significantly increased by JZL184 (n = 12; p < 0.001). See also Movies S4 and S5.
to modulating the interaction between escape and swimming, endocannabinoids also regulate the baseline swimming frequency. This modulation is reminiscent to that previously reported in lamprey [35, 37] and could be mediated by acting on the premotor interneurons (e.g., V2a and V0) driving and coordinating swimming activity. Fast motoneurons are the source of the endocannabinoid 2-AG that acts on CB 1 Rs to potentiate their own electrical and chemical excitatory synaptic drive. Dialyzing a given fast motoneuron with either THL or BAPTA prevents the tonic endocannabinoid modulation of the direct excitation, indicating that the released 2-AG originates entirely within the same motoneuron. This also shows that there is no spread of the endocannabinoid 2-AG from neighboring motoneurons. The released 2-AG endows the spinal circuit with a positive feedback mechanism that further enhances the excitation of the escape command conveyed to fast motoneurons. In contrast, the potentiation of the inhibitory synaptic transmission in slow motoneurons does not rely on release of 2-AG from these motoneurons as it remains unchanged after dialyzing these slow motoneurons with either the synthesis inhibitor THL or the Ca 2+ chelator BAPTA. The potentiation of the inhibition might reflect an increased excitatory synaptic transmission to the intercalated inhibitory interneurons that could be the source of 2-AG. Our results also suggest that there is limited spread of endocannabinoids between different neurons within the spinal cord. This is in agreement with results in hippocampus where the spread of endocannabinoids has been estimated to be limited to width of the extracellular space (<15 mm) [46] . Animals avoid threats by generating a fast escape response, which needs to be followed by fast swimming activity. We now show that, in addition to defining the firing threshold in fast motoneurons to produce escape, the endocannabinoid 2-AG also regulates the recovery time constant of the swim frequency to its original pre-escape level. Thus, endocannabinoids do not only promote a context-dependent switch from swimming to escape, but they also facilitate the transition back to swimming to continue the motion of the animal.
Conclusions
Our findings indicate that behavioral choice in a vertebrate system is mediated by a hardwired circuit and supplemented by endocannabinoid modulation. Behavioral selection operates at the level of the motoneuron pools without interfering with the premotor swim circuit. The activity of distinct motoneuron pools is coordinately influenced via a clutch-like mechanism to transiently substitute one motor behavior with another, ensuring a smooth execution of motor action sequences. These findings may have important implications for understanding the mechanisms of action selection and the organization of behavioral outputs in vertebrates.
EXPERIMENTAL PROCEDURES
The preparation was carried out as described previously [25, 27] (see the Supplemental Experimental Procedures). Retrograde labeling of descending brainstem neurons and motoneurons was performed using the fluorescent tracer rhodamine-dextran. For in vitro swimming experiments, preparations were fixed dorsal side up with Vaseline. For whole-cell patch-clamp recordings, preparations were transferred to a recording chamber, placed lateral side up, and fixed with Vaseline. During experiments, the preparations were continuously perfused with oxygenated saline at room temperature. Two stimulation electrodes were used: the one was placed on the dorsal part of the rostral spinal cord to elicit swimming and the other in the Mauthner cell region in the hindbrain to elicit escape. Dextran-labeled motoneurons were visualized with a fluorescent microscope and recorded using patch-clamp electrodes. Motoneurons were always recorded on the contralateral side of the stimulated. The modulation of escape-related synaptic transmission in fast and slow motoneurons was examined in the absence of swimming activity. Subthreshold monosynaptic excitatory (EPSPs) and polysynaptic inhibitory (IPSPs) potentials as well as excitatory currents (EPSCs) were induced by stimulation of the Mauthner cell area in the brainstem.
The following drugs were added to the physiological solution: the cannabinoid receptor 1 antagonist AM-251 (2 mM; Tocris); endocannabinoid 2-AG synthesis enzyme blocker THL (20 mM; Tocris); and endocannabinoid 2-AG degradation enzyme blocker JZL184 (2 mM; Tocris). All of these drugs were The swimming central pattern generator (CPG swim) drives the rhythmic activity of slow motoneurons to fire action potentials during each cycle of the swimming episode, whereas fast motoneurons receive only subthreshold rhythmic synaptic inputs. During escape induced by activation of the Mauthner system, the slow motoneurons are disengaged via a polysynaptic pathway involving inhibitory interneurons (i-INs) whereas the fast motoneurons are engaged via a monosynaptic connection with mixed electrical and chemical synapses. The monosynaptic excitation activates fast motoneurons to produce escape behavior, whereas polysynaptic inhibition in slow motoneurons decouples the swimming CPG from the muscle apparatus. This configuration enables the animal to transiently interrupt ongoing swimming to ensure the execution of escape and subsequently resume swimming. dissolved as stock solutions in DMSO, except THL, which was dissolved in distilled water. The same concentration of DMSO was always added to control solutions throughout the experiments. For sound-induced escape experiments in vivo, a sound generator and a high-speed camera were used to induce and record escape behaviors. Sound intensity is given as percentage of control threshold and ranged between 80 and 110 dB.
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